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FOREWORD

The ITU Telecommunication Standardization Sector (ITU-T) is a permanent organ of the International Telecommunication
Union. ThelTU-T is responsible for studyintechnical, operatingndtariff questionsand issuingRecommendations on
them with a view to standardizing telecommunications on a worldwide basis.

The World Telecommunication Standardization Conference (WTSC), which evegyfour years, establishetie topics
for study by the ITU-T Study Groups which, in their turn, produce Recommendations on these topics.

ITU-T Recommendation 1.432 was revised by the ITU-T Study Group XVIII (1988-k888)as approved bthe WTSC
(Helsinki, March 1-12, 1993).

NOTES

1 As a consequence ofraform proceswithin the Internationallelecommunication UniofiTU), the CCITT
ceased to exist as of 28 Februa893. In itsplace, thelTU Telecommunication Standardization SedtidiU-T) was
created as of 1 Marcth993. Similarly, in this reform processthe CCIR and thelFRB have been replaced by the
Radiocommunication Sector.

In order not to delay publication tfis Recommendation, no change has been madeitext to references containing
the acronyms “CCITT, CCIR or IFRB” otheir associated entities such as Plenasgembly, Secretariat, etEuture
editions of this Recommendation will contain the proper terminology related to the new ITU structure.

2 In this Recommendation, the expression “Administration” is ug$ed conciseness tandicate both a
telecommunication administration and a recognized operating agency.

O ITU 1993

All rights reserved. No part @his publicationmay bereproduced or utilized iany form or by anyneans, electronic or
mechanical, including photocopying and microfilm, without permission in writing from the ITU.
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Recommendation 1.432

B-ISDN USER-NETWORK INTERFACE — PHYSICAL LAYER SPECIFICATION

(Geneva, 1991; revised Helsinki, 1993)

1 Introduction

This Recommendation defines the physical layer interface to be applied 9 dhe J reference points of theference
configurations of thd-ISDN user-network interface (UNI) 465 520kbit/s and622 080kbit/s. It addresses separately
the physical mediand the transmissiosystemused at these interfacasd addressesso the implementation of the UNI
related OAM functions.

The selection of thehysical medium fothe interfaces at thegSand Tg reference points should take into account that
optical fibre is agreed athe preferredmedium to beused to cablecustomer equipmentHowever, in order to
accommodate existing cabling of customer equipmetfiter transmission media (e.g. coaxial cables) should not be
precluded. Also, implementations should allow terminal interchangeability.

This Recommendation reflects in its structamed content the desire take care of suctearly configurations and
introduces a degree of freedom when choosing a physical medium at the Physical Layer.

The goal is to havemaximum commonalitybetween physical layer functions &he UNI described in this
Recommendation and any functions which may be defined in the future at the (network-node interface) NNI.

1.1 Interface location with respect to reference configuration

An interface pointd is adjacent to th8-TE or the B-NT2 on their network side; interface poimtis adjacent to the
B-NT2 and to the B-NT1 on their user sides (see Figure 1).

Ia |b Ia |b
I I
B-TE —| I | I |— B-NT2 —| I | I |— B-NT1
| | | |

T1302050-93/D01

FIGURE 1/1.432
Reference configuration at reference point § £

1.2 Interface location with respect to the wiring configuration

The interface points are located between dbeketand the plug of the connector attached to BA€E, B-NT2 or
B-NT1. The location of the Interface point is shown in Figure 2.

In this Recommendation, therm “B-NT” is used to indicate network terminatiteyyer 1 aspects of B-NTAnd B-NT2
functional groups, and theerm “TE” is used to indicate terminal terminatiigyer 1 aspects of B-TE1, B-TA and
B-NT2 functional groups, unless otherwise indicated.
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Connecting cord

a Ib

[
!
B-TE -+ |}
|

Wiring at the T1302060-93/D02

customer premises

|
| | B-NT
|

NOTE — The length of the connecting cord can be zero.

FIGURE 2/1.432
Wiring configuration

2 Physical medium characteristics of the UNI at 155 520 kbit/s

2.1 Characteristics of the interface at the § reference point

2.1.1  Bitrate and interface symmetry

The bit rate of the interface 165 520kbit/s. The interface is symmetrice. it has thesamebit rate in both transmission
directions.

The nominal bit rate in free running clock mode shall be 155 520 kbit/s with a toleran2é ppm.

2.1.2  Physical characteristics

Both opticaland electricalinterfaces are recommended. The implementation selected depends on the distance to be
covered and user requirements arising from the details of the installation.

2.1.2.1 Electrical interface

2.1.2.1.1Interface range
The maximumrange of the interface depends ongpecific attenuation dhe transmissiomediumused. Foexample a

maximumrange of about00 metres for microcoax (4mm diametar)d 200metres for CATV type (7mm diametexjl|
be achieved.

2.1.2.1.2Transmission medium
Two coaxial cables, one for each direction, are recommended. The wiring configuration is point-to-point.
The impedance shall be 75 Ohms with a toleranee58b in the frequency range 50 MHz to 200 MHz.

The attenuation of the electrical path between the interface pgantsl I}, shall be assumed to follow approximatesqrt
(f) law and to have a maximum insertion loss of 20 dB at a frequency of 155 520 kHz.

2.1.2.1.3Electrical parameters at interfaces points 4 and I

The digital signal presented at the output pand theport impedance shouldonform to Table11/G.703 and
Figures 24/G.703 and 25/G.703 for the interface at 155.520 Mbit/s.
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The digital signal presented at the input partd theport impedance should¢onform to Tablel1l/G.703 and
Figures 24/G.703 and 25/G.7a8 the interface at55.520Mbit/s modified by the characteristics of the interconnecting
coaxial pair.

2.1.2.1.4Electrical connectors

The presentation of interface poigtat B-NT1 or B-NT2 is via a socket.

The presentation of interface poigtat B-TE or B-NT2 is using either

a) a socket, i.e. the connection is tonb&de tathe equipment toward the network witltablewith plugs on
both ends; or

b) an integral connecting cord with plug on the free end.

See Figure 3.

Socket

\

Presentation of interface point | g B-NT1 and B-NT2

Socket
\ T1302070-93/D03

Plug

Presentation of interface point | af B-TE and B-NT2

FIGURE 3/1.432
Connector types

2.1.2.1.5Line coding

The line coding shall be coded mark inversion (CMI), see 12.1/G.703).

2.1.2.1.6EMC/EMI requirements

Shielding properties of connectaasd cables are defined by the specification of tespective values fahe surface
transfer impedance (STI). The templatdicating themaximum STlvalues for CATV cables is given iRigure 4. The

applicability of these valuger microcoax cables remains for further stuBlgr connectors, these template values shall be
multiplied by 10 (20 dB).
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The immunity ofthe interface against induced noise on the transmiss&giumshould be specified byneans of a
terminal failure voltage (TFVhich is overlaid to the digital signal at the output port. Figure 5 shopsssible

measurement configuration.

The receiveshould tolerate a sinusoidal TFV with th&lues defined in Figure &ndTable 1without degradation of the
bit error ratio (BER) performance.

Ohm/m
° 7
t
g
| Y /
al 2
MHz
fo i
Log frequency T1302080-93/D04
Frequency (MHz): STI value (ohm/m):
fo =01 A=0.01
f, =100
f2 = 1000 B=1
FIGURE 4/1.432
Maximum STI values as function of frequency
Trqnsmit + Transmission Receiver BER
signal cable under test analyser
generator
T1302090-93/D05
TRV
generator

2.1.2.2 Optical interface

2.1.2.2.1Attenuation range

FIGURE 5/1.432
Measurement configuration

The attenuation of the optical path between the specification pgiitarid j R shall be in the range of 0 dB to 7 dB (see

2.1.2.2.3.3).
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A2
N
m
)
z A1
'_
R 51 F
Frequency (MHz) T1302100-93/D06
FIGURE 6/1.432
Terminal failure voltage frequency response
TABLE 1/1.432
Terminal failure voltage values
TFV amplitude
Frequency (MHz) (dBV)
(0dBV =1V,
FO=1
F1 =200 Al>-17
F2 = 400 A2>-11

2.1.2.2.2Transmission medium

The transmission medium shall consist of two singlede fibres one for eactiirection, according tdRecommen-
dation G.652 .

Some national applications may use multimode fibres.
2.1.2.2.30ptical parameters

2.1.2.2.3.1 Line coding
The line coding shall be non return to zero (NRZ).

The convention used for optical logic level is:
— emission of light for a binary ONE;

— no emission of light for a binary ZERO.
The extinction ratio must be in accordance with 1.1/G.957.
2.1.2.2.3.2 Operating wavelength

The operating wavelength shall be around 1310 nm (second window).

2.1.2.2.3.3 Input and output port characteristics

The optical parametemsill be in accordance with 1.1/G.95Bomenational applicatiormay use optical parameters for
multimode fibres.

Recommendation 1.432  (03/93) 5



The specification points associated with interface pojsd |, correspond to measurement “reference points” S and R
as defined in Recommendation G.957. The opfizabmeters are specified fire transmitter andeceiver at these
specification pointsaand for the optical path between these specification points, i.e. the connector at the interface is
considered to be part of the equipment and not part of the fibre installation.

2.1.2.2.40ptical connectors

The presentation of interface point at B-NT1 or B-NT2 is via a socket. Thesentation of interface poing &t
B-TE orB-NT2 is using either

a) a socket, i.e. the connection is tonb&de tathe equipment toward the network witltablewith plugs on
both ends; or

b) anintegral connecting cord with a plug on the free end.
See Figure 3.
2.1.2.2.5Safety requirements

For safety reasons the parameters for IEC 825 class 1 devices shall not be exceeded even under failure conditions.

2.2 Characteristics of the interface at the Sreference point

For further study.

3 Physical medium characteristics of the UNI at 622 080 kbit/s

3.1 Characteristics of the interface at the § reference point

3.1.1  Bitrate and interface symmetry

The bit rate of the interface in at least one directid®2® 080kbit/s. Thesymmetry ofthe interface igor further study.
The following possible interfaces have been identified:

a) an asymmetrical interface with 622 080 kbit/s in one direction and 155 520 kbit/s in the other direction;

b) asymmetrical interface with 622 080 kbit/s in both directions.
NOTE — Other solutions are for further study.

If option a) is chosen, then the 155 520 kbit/s component should comply with the characteristics of indicated in 2.
The nominal bit rate in free running clock mode shall be 622 080 kbit/s with a toleran2é ppm.

3.1.2  Physical characteristics

3.1.2.1 Electrical interface

The feasibility of an electrical interface is for further study.

3.1.2.2 Optical interface

3.1.2.2.1Attenuation range

The attenuation of the optical path between the specification pgiitarid j R shall be in the range of 0 dB to 7 dB (see
3.1.2.2.3.3).

3.1.2.2.2Transmission medium

The transmission medium shall consist of two singlede fibres one for eactiirection, according tdRecommen-
dation G.652 .

3.1.2.2.30ptical parameters

3.1.2.2.3.1 Line coding

The line coding shall be non return to zero (NRZ )

6 Recommendation 1.432  (03/93)



The convention used for optical logic level is:
— emission of light for a binary ONE;

— no emission of light for a binary ZERO.

The extinction ratio shall be in accordance with 1.4/G.957 .

3.1.2.2.3.2 Operating wavelength

The operating wavelength shall be around 1310 nm (second window).

3.1.2.2.3.3 Input and output port characteristics

The optical parametemsill be in accordance with 1.4/G.95Bomenational applicatiormay use optical parameters for
multimode fibres.

The specification points associated with interface pojsd |, correspond to measurement “reference points” S and R
as defined in Recommendation G.957. The opfizabmeters are specified fire transmitter andeceiver at these

specification pointsaand for the optical path between these specification points, i.e. the connector at the interface is
considered to be part of the equipment and not part of the fibre installation.

3.1.2.2.40ptical connectors

The presentation of interface point at B-NT1 or B-NT2 is via a socket. Th@esentation of interface poing &t
B-TE or B-NT2 is using either

a) a socket, i.e. the connection is tonb&de tathe equipment toward the network witltablewith plugs on
both ends; or

b) anintegral connecting cord with a plug on the free end.
See Figure 3.
3.1.2.2.5Safety requirements

For safety reasons the parameters for IEC 825 class 1 devices should not be exceeded even under failure conditions.

3.2 Characteristics of the interface at the Sreference point

For further study.

4 Functions provided by the transmission convergence sublayer

4.1 Transfer capability

4.1.1 Interface at 155 520 kbit/s
At the physical level athe interface at theglreference point the bit rate 65 520kbit/s. The maximumbit rate

available foruser information cells, signalling cellnd ATM and higherlayers OAM information cells, excluding
physical layer frame structure octets or physical layer cells, transported in bytes or cells, is 149 760 kbit/s.

4.1.2 Interface at 622 080 kbit/s

At the physical level athe interface at theglreference point, the bit rate 622 080kbit/s in at least one direction
(see3.1.1).The maximumbit rate availabldor user information cells, signalling cebsmd ATM and higheldayers OAM
information cells, excluding physical layer frame structure octets or physical layer cells, is 599 040 kbit/s.

Recommendation 1.432  (03/93) 7



4.2 Transmission frame adaptation

The ATM cell structure is defined in Recommendation 1.361. ATM aally becarried in one of two formats; as a
continuous stream of cells in a cell based format or as cells carried in an SDH-based frame structure.

4.2.1  Physical layer for the cell-based interface

4.2.1.1 Timing

At the customer side of the interface at tirer@ference point, the cell-basplysical layemayderive its timingfrom the
signal received across the interface or provide it locally by the clock of the customer equipment.

4.2.1.2 Interface structure for 155 520 kbit/s and 622 080 kbit/s
The interface structure consists of a continuous stream of cells. Each cell contains 53 octets.

The maximumspacing between successive physical layer cells is 26 ATM layerieellafter 26 contiguous ATNayer
cells have been transmitted a physical layer celiserted in order to adapt the transtapability tothe interface rate.
Physical layer cells are also inserted when no ATM layer cells are available.

The physical layer celi@hich are inserted can be either “idle cells” (4e€) orphysical layetOAM cells (see4.2.1.3),
depending on the OAM requirements.

4.2.1.3 OAM implementation

4.2.1.3.1Transmission overhead allocation

Physical layeOAM cells are useébr the conveyance ofhe physical layetOAM information.How oftenOAM cells are
inserted should be determined by OAM requiremddtavever,there can be nmorethan onePL-OAM cell every 27
cells and not be less than oRe-OAM cell every513 cells per flow in operational status. It is recogniteat during
somephases, for example start-upwibuld be desirable to increase the insertion rate of the PL-OAMoeethproving
the system response. THenctional requirements for increasitfte PL-OAM insertion rate requires further studihese
spacings wouldpply onlywhen theflow is actually implemented; it is recognizéitht not all applications will require
implementations of all flows.

4.2.1.3.20AM cell identification

Recommendation 1.610 identifies thrigges of PL-OAM flowscarried by maintenance cells usingecific pattern in
the header.

F1 Regenerator level;
F2 Digital section level,

F3 Transmission path level.
The F1 cell carries the OAM functions for the regenerator level.
This flow is inserted irthe cellflow on a recurrent basis. If these PL-OAM cells have to take priovity an ATMcell,
this has to be done without restricting ATé§er transfer capability. The minimum periodicitytloé cell isprovisionally

defined by the requirements on availability of the section as one F1 cell in 513 cells.

The OAM flow F2 isnot used and the corresponding functians supported by the F3 OANbw because there is no
transmission frame passed across the cell based UNI.

The F3 cell carries the OAM functions for the transmission path level.
These flows are inserted the cellflow on a recurrent basis. If these PL-OAM cells have to take priovity an ATM

cell, this has to be done without restricting ATRyer transfer capability. The minimum periodicity thie cell is
provisionally defined by the requirements on availability of the path as one F3 cell in 513 cells.
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The physical laye©AM cells musthave aunique header so thttey can be properlidentified by thephysical layer at
the receiver. The patterns to be used are shown in Table 2. The header patterns shown are given prior to scrambling.

The possible need to identify other header vaaimeeng those reserved fitre use of th@hysical layer (se2.2.1/1.361)
to accommodate future identified OAM flows is for further study.

TABLE 2/1.432

Header pattern for OAM cell identification (Note)

Flow Octet 1 Octet 2 Octet 3 Octet 4 Octet 5
F1 00000000 00000000 00000000 00000011 HEC = Valid code
01011100
F3 00000000 00000000 00000000 00001001 HEC = Valid code
01101010
NOTE — There is no significance to any of these individual fields from the point of view of the ATM laghysaal layer OAM
cells are not passed to the ATM layer.

4.2.1.3.3Allocation of OAM functions in information field
A provisional octet allocation for the F1 PL-OAM and F3 PL-OAM cells is shown in Figure 7.

The following fields are identified for the F3 flow:

— PL-OAM sequence number (PSN) — It is designed so haue a sufficiently large cycle companeih
the duration of cell loss and insertion, 8 bits are allocated to PSN. The counting is then done6&dulo

—  Number of included cells (NIC) — Gives the number of cells included betweeretfieusand thepresent
F3 PL-OAM cell. The length dhis field isproposed to monitdb12 cells (provisionally). It includes the
number of ATM cells and idle cells but not the PL-OAM cells.

—  Transmission path error monitoring and reporting which includes the fields defined below:

a) Monitoring block size(MBS) — It is selected by balancirgfficiency and monitoring accuracy.
MBS = 64 cells excluding PL-OAM cells is proposed as an upper limit,thritentire octet is
allocated.

b) Number of monitored blocks (NMB-EDC) Givesthe number oblocksincluded between this cell
and theprevious F3 OAM cell. This meatise number oblocks forwhich error detection codes are
contained in the following octets NMB-EDC = 8 is proposed. The entire octet is allocated.

c) Error detection code (EDC) — this code iBI®-8 calculated on a block ®MBS cellsrepeated for
each monitored block. An octet is allocated for each block.

d) Number of monitored blocks #te far end (NMB-EB) —Givesthe number of transmission path far
end block errors carried irthe following octets, NMB-EB = 8 is proposed. The entire octet is
allocated.

e) Transmission path fandblock error (TP-FEBE)(EB1, EB2,..., EB8): This reports the number of

parity violations in each bloclEour bits arenecessary to indicatbe number oparity violations in a
BIP-8. With NMB-EB = 8, a total of 4 octets are necessary.

Recommendation 1.432  (03/93) 9



Octet Allocation

1 R

2 AIS

3 PSN

4

5 NIC (10)

6 MBS

7 NMB-EDC

8 EDC_B1

9 EDC_B2

10 EDC_B3

11 EDC_B4

12 EDC_B5

13 EDC_B6

14 EDC_B7

15 EDC_BS8

16 R

17 R

18 R

19 R

20 R

21 R

22 R

23 R

24 R

25 R

26 R

27 R

28 R

29 R

30 FERF(1)

31 NMB-EB

32 EB2 EB1

33 EB4 EB3

34 EB6 EB5

35 EB8 EB7

36 R

37 R

38 R

39 R

40 R

41 R

42 R

43 R

44 R

45 R

46 R

47

48 CEC (10)
F1 or F3cell

T1302110-93/D07

FIGURE 7/1.432
Allocation of OAM functions in information field
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Transmission path alarimdication signal(TP-AIS) — One octet is allocated (the proposed coding is
all “1").

Transmission path far end received failure (TP-FERF) — A bit is allocated. Iwheetone of thelefects
(LOC, LOM) or AIS (see 4.2.1.3.4) is detected.

Cell error control (CEC) — Is used to detect errors in the cell payload. A CRC 10 is proposed.

Reserved field (R) — Contains the octet pattern of “01101010”, which is the same as that of the idle cell.

The following fields are identified for the F1 flow:

PL-OAM sequence number (PSN) — It is designed so haue a sufficiently large cycle compareith
the duration of cell loss and insertion, 8 bits are allocated to PSN. The counting is then doneb&dulo

Number of included cells (NIC) — Gives the number of cells included betweerethieusand thepresent
F1 PL-OAM cell. The length dhis field isproposed to monitdb12 cells (provisionally). It includes the
number of ATM cells and idle cells but not the PL-OAM cells.

Section error monitoring and reporting which includes the fields defined below:

1) Monitoring block size(MBS) — It is selected by balancingfficiency and monitoring accuracy.
MBS = 64 cells is proposed as an upper limit, but the entire octet is allocated.

2) Number of monitored blocks (NMB-EDC) Givesthe number oblocksincluded between this cell
and theprevious F1 OAM cell. This meatise number oblocks forwhich error detection codes are
contained in the following octets NMB-EDC = 8 is proposed. The entire octet is allocated.

3) Error detection code (EDC) — This code iBIR-8 calculated on a block ®BS cellsrepeated for
each monitored block. An octet is allocated for each block.

4) Number of monitored blocks #te far end (NMB-EB) —Givesthe number of transmission path far
end block errors carried irthe following octets, NMB-EB = 8 is proposed. The entire octet is
allocated.

5) Section farend block error (S-FEBE)(EB1, EB2,..., EB8) — This reports the number périty
violations in each block. Four bits anecessary to indicatthe number ofparity violations in a
BIP-8. With NMB-EB = 8, a total of 4 octets are necessary.

Section alarm indication signal (S-AlS) — One octet is allocated (the proposed coding is all “1”).

Section farend received failure (S-FERF) — A bit is allocated. It is sdien one of thedefects
(LOC, LOM, Unacceptable error performance) is detected.

Cell error control (CEC) — Is used to detect errors in the cell payload. A CRC 10 is proposed.

Reserved field (R) — Contains the pattern of the octet of the idle cells (see 4.4).

Other fields such as activation/deactivation or switch-on/switch-off status of the NT2 are for further study.

4.2.1.3.4Maintenance signals

The following maintenance signals are defined:

Transmission path alarmdication signa(TP-AIS) — It isused to alert associated termination point in the
direction of transmission that a failure has been detected and alarmed.

Transmission path faend received failure (TP-FERF) — It is provided to aldre equipment in the
opposite direction of transmissidinat a defect has been detected along the path. It is set wh&dCan
LOM or AIS signal has been detected at the gatiel. The time to sehis signal must be as short as
possible but long enough to filter intermittent defect informations. This time has to be defisedf cell
delineation (LOC) is provided by the cell delineation algorithm. fithe to indicatethis state has to be
defined. Loss of OAM cell (LOM) is detected when no F3 OAM cell is receitezh themaximum space
between two F3 OAM cells is exceeded. This defect is declared when n (n to be daicwEsive
anomalies are detected. The method of detection of the AIS condition is for further study.
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Section alarnindication signalS-AlS) — It isused to alert the equipment in the direction of transmission
that a failure has been detected and alarmed.

Section faendreceived failure (S-FERF) — It is provided to albv equipment in thepposite direction

of transmission that a defect has been detected along the path. It is set when an LOC, LOM or unacceptable
error performancéas been detected at the regenerator selei@h The time to sehis signal must be as

short as possible but long enough to filter intermittent defect informations: it has to be dedsedf cell
delineation (LOC) is provided by the cell delineation algorithm. flilne to indicatethis state has to be
defined.Loss of OAM cell (LOM) is detected when no F1 OAM cellrsceivedand themaximum space
between F1 OAM cells is exceeded. This defect is declared when n (to be dsfioeglsive anomalies

are detected. The method of detection of unacceptable error performance requires further study.

4.2.1.3.5Transmission performance monitoring

Transmission performance monitoring acritesUNI is performed to dect andreport transmission errors. This function
is performed orthe ATM layer cellsand idle cells, not on the FRAM cells. It is calculated on a block of cells. An F3
OAM cell carries the result for the monitoring of a certain number of blocks.

Error performance reporting — This function reportstiie equipment in thepposite direction of
transmission, the results of the path error monitoring carried out (FEBE);BIP it givesghe number of
parity violations in each block, calculatedifa¢ receivingend bycomparisorwith the result carried by the
cell.

4.2.1.3.6Control communication

The provision of a data communication channel is for further study.

4.2.1.3.70AM procedures

For further study.

4.2.2

Physical layer for SDH-based interface

4.2.2.1 Timing

In normal operation, timing fothe transmitter is locked to the timimgceived fromthe network clock. The tolerance
under fault conditions is 155 520 kbi#<20 ppm.

4.2.2.2

Interface structure at 155.520 kbit/s

The bit stream ofhe interface has an exterrfedmebased on the synchronous digital hierarchy (SDH) as described in
Recommendations G.707, G.7@8d G.709Specifically,the frame is given in Recommendati@® 709, and illustrated
in Figure 8, the application of the SDH frame synchronous scrambler is described in 2.4/G.709.

The ATM cell stream is first mappedto the C-4 and themapped inthe VC-4 container along with the VC-4 path
overhead (see FiguB). The ATM cell boundaries are aligned with the STM-1 octet boundaries. Since tlagaeity
(2340 octets) is not an integer multiple of the cell length (53 octets), a cell may cross a C-4 boundary.

The AU-4 point (octets H1 and H2 in the SOH) is used for finding the first octet of the VC-Avedtiead (POH) octets
J1, B3, C2 and G1 are utilized. Use of the remaining POH octets is for further study.

For all representations shown in tlRecommendation in binary format, bits are numbeviglin the octet as shown in
Figure 9 with the order of transmission being from left to right.
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155 520 kbit/s frame structure for SDH based UNI
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NOTE — The bit numbering used in this figure is different from the convention used in Recommendation 1.361 but in accordance
with Recommendation G.709.

FIGURE 9/1.432
Order of transmission of bits within a byte
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4.2.2.3 Interface structure at 622 080 kbit/s

The bit stream ofhe interface has an exterrfedmebased on the synchronous digital hierarchy (SDH) as described in
Recommendations.707, G.708, G.70%pecifically,the AU-4-4c structure agiven in3.1.7/G.709 is specifiednd is
illustrated in Figure 10, the application of the SDH frame synchronization scrambler is described in 2.4/G.709.

The ATM cell stream is first mappexto the C-4-4and therpacked in the VC-4-4c container alowith the VC-4-4c
path overhead (see Figuli®). The ATM cell boundaries are aligned with the STM-4 octet boundaries. Since the
C-4-4c capacity (9360 octets) is not an integer multiple of the cell length (53 octets), a cell may cross a C-4-4c boundary.

The AU-pointers are used for finding the first octet of the VC-4-4c. Battheads octetkl, B3, C2 and Gare utilized.
Use of the remaining POH octets is for further study.

4.2.2.4 OAM implementation

4.2.2.4.1Transmission overhead allocation

Transmission overhead allocation fbe SDH physical layer function@isted inTable1/1.610) isgiven in Table 3. Use

of these overheads (e.fpr frame alignment, AU-pointer generation/interpretation, bit interleaved parity (BIP) code
calculation, etc.) shall be in accordance with specificatiori®eicommendations G.7@td G.70%or the SDH network
node interface.

4.2.2.4.2Maintenance signals

Two types of maintenance signals are defined for the physical layer to indicate the detection and location of a transmission
failure. These signals are:

— alarm indication signal (AIS);
— far end receive failure (FERF),
which are applicable at both the SDH section and path layers of the physical layer.

AIS is used to alert associated termination point in the direction of transmission that a failure has been detected and
alarmed.

Far end receive failure (FERF) is used to alert associated termination poinbpptiite direction of transmissitimat a
failure has been detected. Path FERF alerts the path termination pointappthgte direction of transmissidhat a
failure has occurred along the path. Path FERF should be also used to indicate loss of cell delineation.

Generation and detection of section and path AIS or FERF shall be in accordance with Recommendation G.709.

4.2.2.4.3Transmission performance monitoring

Transmission performance monitoring acrtssUNI is performed taletect andeport transmission errors. Performance
monitoring is provided fothe SDH sectiorandfor the path correspondinmgspectively to maintenance flows B2d F3
in Figure 4/1.610.

At the SDH section(F2 flow), monitoring of the incoming signal jgerformedusing theBIP-24 or BIP-96 inserted into
the B2 field (for the 155 520kbit/s bit rates and22 080kbit/s, respectively). Monitoring ahe outgoing signal is
performed using the far end block error (FEBE). This error count, obtained from comparing the caiiBlated the B2
value ofthe incoming signal at thiar end, is inserted in a Z2 field and séuaick: it reports tadhe near end section
termination point about the error performance of its outgoing signal as FEBE.

Similar to the SDH section, at the SDH path (F3 flow), monitoring of the incoming sigrerféemedusing theBIP-8 of
the B3 octet. Monitoring of the outgoing signal is performed using the path FEBE of bits 1-4 of the G1 octet.

Regenerator section monitorifgl flow) acrossthe UNI is optional. If required, the incoming signal is monitored using
the BIP-8 of the B1 octet. Capabilities in the SDH section overhead for monitoring the outgoing signal are not provided.

Further definitions are stated in Recommendation G.708.
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FIGURE 10/1.432
622 080 kbit/s frame structure for SDH based UNI

4.2.2.4.4Control communication
Section layer communication channels and orderwires across the UNI are not required and are not provided.

Additional functions such a®opbacks (ottheir functional equivalent) or patayer communicatiorchannels are for
further study.

The use of octets K1 and K2 (bits 1-5) for automatic protection switching across the UNI is for further study.

4.2.2.4.50AM procedures

For further study.
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TABLE 3/1.432

SDH overhead octets allocation at B-UNI

Octet Function Coding (Note 1)
STM section overhead
Al, A2 Frame alignment
C1 STM-1 identifier
Bl Regenerator section error monitoring (Note 2 BIP-8
B2 Multiplex section error monitoring BIP-24 (155 520 kbit/s)
BIP-96 (622 080 kbit/s)
H1, H2 AU pointer, Path AIS All 1s
H3 Pointer action
K2 (bits 6 to 8) Multiplex section AIS (Note 6) multiplex 111/110
section FERF
Z2 (Note 4) Section error reporting (FEBE) B2 error count
VC path overhead
Ji Path ID/verification
B3 Path error monitoring BIP-8
c2 Path signal label ATM cells (Note 3)
G1l(bits 1 to 4) Path error reporting (FEBE) B3 error count
G1(bit 5) Path FERF (Note 5) 1
NOTES

1 Only octet coding relevant to OAM function implementation is listed.

2 The use of Bifor regenerator section error monitoring acrossWh¥ is application dependerdnd istherefore
optional.

3 Signal label code for ATM cell payload is 0001 0011.

4 Usingthe notation of Recommendati@h 708, the bits to be used are bits (2 to 8)atét S (9, 6, 1) in the case pf
the interface at 155 520 kbit/s and bits (2 to 8) of octet S (9, 4, 3) in the case of the interface at 622 080 kbit/s.

5 Path FERF should also be used to indicate loss of cell delineation.
6 The applicability of multiplex section AIS (MS-AIS) at the B-UNI is for further study.

7 The bit numbering of this table is differeéndm the conventionsised inRecommendatioh361, but inaccordance
with Recommendation G.709.

4.3 Header error control

4.3.1 Header error control functions

The header error control (HEC) covers the entire cell header. The code used for this function is capable of either
— single-bit error correction, or

— multiple-bit error detection.

The detailed description of tH¢EC procedure is given i4.3.2.Briefly, the transmitting sideomputeshe HEC field
value. The receiver has two modes of operation as shown in Hi@uiighe default mode provides for single-bit error
correction. Each cell header is examirgedl, if anerror is detected, one of two actions takes place. The action taken
depends on the state of the receiver. In “correction mode” only single-bit errors can be canedtetieceiver switches

to “detection mode”. In “detection mode”, all celléth detected header errors are discarded. When a head@nisned

and found not to be in error, theceiver switches to “correction mode”. The témo action” in Figure 1Imeans no
correction is performed and no cell is discarded.
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FIGURE 11/1.432
HEC: Receiver modes of operation

The flow chart in Figure 12 showke consequence of errors in the ATM cell header. The error protection function
provided by HEC provides botiecovery fromsingle-bit header errorand a lowprobability ofthe delivery of cellswith
errored headers undeursty error conditions. The error characteristics of fibre-based transnsgstems appear to be a
mix of single-bit errorsand relatively large burst errors. F@pmetransmission systenthe error correctiorcapability
might not be invoked.

Annex A gives information orhow random bit errors impathe probability of occurrence of discarded cedisd valid
cells with errored headers.

4.3.2  Header error control (HEC) sequence generation

The transmitter calculates ti#EC value forthe first four octets of the ATM headand inserts the result in the HEC
octet.

The notation used to describe the header error control is based on the property of cyclic coeleam|flera codeector
such as 10000001000@hn be represented by a polynonR@t) = x12 + x5 + 1.] The elements of an-element code
word are thus the coefficients of a polynomial of order1. In this application, thes®efficients can havihe value O or

1 and thepolynomial operations are performading modulo 2 operations. Tpelynomial representinthe content of a
header excluding the HEC field is generated using the first bit of a header as the coefficient of the highest order term.

The HEC field shall be an 8-bit sequence. It shall be the remainder of the division (modulo 2) by the geahgmatoial
x8 +x2 + x + 1 of the product® multiplied by the content of the header excluding the HEC field.

At the transmitter, the initial content of the register ofdbeice computinghe remainder of the division is preset to all
Os and is themmodified by division of the header excluding tHEC field bythe generatopolynomial (as described
above); the resulting remainder is transmitted as the 8-bit HEC.

To significantly improve the cell delineation performance in the case of bit-slips the following is recommended:

— the check bits calculated by the use of the check polynomial are added (modulo 2) to an 8-bitgbatéern
being inserted in the last octet of the header;

— the recommended pattern is “01010101” (the left bit is the most significant bit);

— the receiver must subtract (equal to add modulo 23ahepatternfrom the 8HEC bits before calculating
the syndrome of the header.
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1  Definition of “valid cell”: A cell where the header is declared by the header error control process to be free of errors

(Recommendation 1.113).

2 An example of an impermissible header is a header whose VPI/VCI is neither allocated to a conneciton nor pre-assigned to a

particular function (idle cell, OAM cell, etc.). In many instances, the ATM layer will decide if the cell header is permissible.
3 Acellis descarded if its header is declared to be invalid; or if the header is declared to be valid and the resulting header is

impermissible.
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This operation in no way affects the error detection/correction capabilities of the HEC.

As an example ithe first 4 octets of the header were all zeros the generated Hesidex scramblingvould be
“00000000 00000000 00000000 00000000 01010101”. The starting value for the polynomial check is all “0”s.

4.4 Idle cells

Idle cells cause no action at a receiving node except for cell delineation indHE@gerification. They arenserted and
discarded for cell rate decoupling.

Idle cells are identified by the standardized pattern for the cell Héatiewn in Table 4.

TABLE 4/1.432
Header pattern for idle cell identification

Octet 1 Octet 2 Octet 3 Octet 4 Octet 5
Header 00000000 00000000 00000000 00000001 HEC = Valid
pattern code
01010010

The content of the information field is “01101010” repeated 48 times.

4.5 Cell delineation and scrambling

4.5.1 Cell delineation and scrambling objectives
Cell delineation is the process which allows identification of the cell boundaries.
The ATM cell header contains a header error control (HEC) field which is used to achieve cell delineation.

The ATM signal is required to be self-supporting in the sense that it has to be transparently transpedgchetwork
interface without any constraints from the transmission systems used.

Scrambling will be used tonprove the securityand robustness of thdEC cell delineation mechanism as described
in 4.5.1.1. In addition, it helps randomizing the data in the informationfieldossible improvement dlfie transmission
performance.

Any scrambler specification muebt alter the ATM header structure (as describeBeécommendation 1.361), header
error control (as described in 4.3), and cell delineation algorithm (as described in 4.5.1.1).

4.5.1.1 Cell delineation algorithm

Cell delineation igperformed byusing the correlation between the header bits to be prot@2diits) and theelevant
control bits (8 bits) introduced in the header by HEC (header error control) using a shortewgdlic codewith
generating polynomia® + x2 + x + 1.
Figure 13 shows the state diagram of the HEC cell delineation method.

NOTE — The “correct HEC” means the header has no bit error (syndrome is zero) and has not been corrected.

1 Thereis no significance to any of these individual fields from the powiewfof the ATM Layer, as idle cellare not passed to the
ATM Layer.
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The details of the state diagram are described below:

1) In the HUNT state, the delineatioprocess is performed by checking bit by fat the correct HEC
(i.e. syndrome equals zerfr the assumed header field. For the cell based Phylsaadr, prior to
scrambler synchronization, ontlie last six bits of th&lEC are to bausedfor cell delineation checking.
For theSDH-based interface, all 8 bits arsedfor acquiring cell delineation. Once such agreement is
found, it is assumed that one header has been fanddthemethod enters the PRESYNCH state. When
octet boundaries are availabigthin the receiving Physicalayer prior to cell delineation as with the
SDH-based interface, the cell delineation process may be performed octet by octet.

2) Inthe PRESYNCH state, the delineation process is performed by checking cell by tbelldorrecHEC.
The process repeatsitil the correct HEC has been confirmed DELTA times consecutively. If an incorrect
HEC is found, the process returns to the HUNT state.

3) Inthe SYNCH state the cell delineation will be assumed to be lost if an incorrect HEC is oBiziéal
times consecutively.

Bit by bit

Correct HEC

ALPHA Incorrect Cell
consecutive HEC PRESYNC by
incorrect HEC cell

T1818670-92/D13

DELTA
consecutive
correct HEC

Cell by cell

FIGURE 13/1.432
Cell delineation state diagram

The parameters ALPHANd DELTA are to be chosen tmakethe cell delineatiorprocess as robusind secure as
possible while satisfying the performance specified in 4.5.2.

Robustness against false misalignments due to bit errors depends on ALPHA.
Robustness against false delineation in the resynchronization process depends on the value of DELTA.
For the SDH-based physical layer, values of ALPHA = 7 and DELTA = 6 are suggested.

For the cell-based physical layer, values of ALPHA =7 and DELTA = 8 are suggested.

4.5.2  Cell delineation performance

This subclause is for further studyigures B.1 and B.3jive provisional information orthe performance othe cell
delineation algorithm described in 4.5.1.1 in the presence of random bit errors, for various values of ALPHA and DELTA.
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4.5.3  Scrambler operation

4.5.3.1 ATM cell level scrambler for the SDH-based Physical Layer
The following polynomial has been identified for the SDH-based physical layer.
Self synchronizing scramblef3 + 1

This self synchronizing scrambler polynonties been selected to minimittee error multiplication (two) introduced by
the self synchronized scrambler (avoiding error multiplication in the header).

The operation of this scrambler in relation to the HEC cell delineation state diagram is as follows:
— the scrambler randomizes the bits of the information field only;
— during the five octet header the scrambler operation is suspended and the scrambler state retained;
— inthe HUNT state the descrambler is disabled;

— inthe PRESYNCH and SYNC states the descrambler is erfablachumber of bitequal to the length of
the information field, and again disabled for the following assumed header.

4.5.3.2 Scrambler for the cell-based physical layer

The distributed sample scrambler is recommended for the cell based UNI.

4.5.3.2.1Distributed sample scrambler (31st order)

The distributedsample scrambler is an example of a class of scramblghioh randomization of the transmitted data
stream is achieved by modudddition of a pseudo random sequence. Descrambling egdbiger is achieved by modulo
addition of an identicdbcally generated pseudo random sequence having phase synchronmigtitre first inrespect
of the transmitted cells. Treerambler does natffect the performance ofhe 8 bitHEC mechanisnduring steady state
operation.

Phase synchronization of a receivieRBS with polynomial generator order is achieved by sending linearly
independent source PRBampleghrough the transmission channelcasiveyeddata samplesiVhenreceived without

error these samples are sufficient to synchronize the phase of the PRBS generator at the receiver to that of the transmitter
PRBS generator. Aimple timing skew betweethe source PRBSamplesand theconveyedPRBSsamples serves as a

means of decoupling treample times dthe source PRBSamples fronthe conveyedPRBSsamples. This enables linear
independence of PRB&mples to be simply achieved faking samples aqual intervals of half an ATM cefitom the

source PRBS generator.

4.5.3.2.2Transmitter operation

The transmitter pseudo random binary sequeneelded (modulo-2) to theomplete cell bit by bit exceptingpe HEC
field. The pseudo random sequence polynomial is:

X31+X28+ 1

The CRC octefor each cell ishenmodified by modulo-2 addition of the CRC calculated on the 32 bit asdtambler
sequence co-incident with the first 32 header bits. This is equivalent to calculation of the CRC on the first 32 bits of the
scrambled header. The first two bitstleé HEC field arethenmodified as follows by two bitsom the PRBS generator.

The two bits from the PRBS generator will be referred to as the PRBS source bits and the two bits of the CRC onto which
they are mapped will be referred to as the PRBS transport bits.

To the first HEC bit (HE@) is added (modulo-2) the value PRBS generator that was added (modul@®) bits earlier
to the previous cell payload. Tthe second bit of thélEC field isadded (modulo-2) the curremalue ofthe PRBS
generator. These samples are exactly half a cell apartthefirst (Ui.o117) is delayed by211 bits beforeconveyance
(requiring one D-type latch for storage) (211 bits is 1 bit less than half a cell).
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PRBS phase (as added to payload and all header except HEC)
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4.5.3.2.3Receiver operation

Three basic states of receiver operation are defined (see Figure 14):

Acquisition of scrambler synchronization (following cell delineation);

Il) Verification of scrambler synchronization;

ll) Steady state operation.

Receiver state I): Acquisition of scrambler synchronizatior(following cell delineation)

The principle of operation is as follows:

22

Cell delineation

The cell delineation mechanism is independent from the scrambler synchronization acquisition mechanism.
Cell delineation is determined using the last six bits oHRE field (only). The first two bits have been
modified by the modulo addition of the conveyed data samples and cannot therefore foe delateation

or CRC evaluation until the scrambler is synchronized.

Acquisition of scrambler synchronization

The conveyed bits are extracted by modaddition of the predictedalues for HE@ and HEG from the

received values. Scrambler synchronization may for example be achieved by applying the conveyed samples
at half cell intervals to a recursive descrambler (Fighidg. In order to ensure tlsamples aradded into

the recursive descrambler at tha@me interval they were extractédm the source PRBS, the second
sample .1 (derived from HEG) is stored for 211 bits before it is used.

Additionally, because both samples are appliethéorecursive descrambli 1 bits behind their point of

modulo addition to the transmitted data sequence, the recursive descrambler feedforward taps are chosen to
generate a sequence that is advancefillysamples. Similarlythe verificationcomparison made in the
recursive descrambler between twnveyed bitsand their prediction islelay equalized using one bit

stores as illustrated in Figure C.1.

Time to achieve scrambler synchronization
Two bits of information are conveyed peell which are linearly independent. The number of consecutive

error free conveyed samplegeded to synchronize the descrambler will be equal to the length of the
scrambler, therefore 16 cells provides the 31 samples necessary to synchronize the scrambler.
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The scrambler synchronization process is not disathlenhg cell delineationhoweverthe descrambler
will not begin toconvergeuntil the cell delineatiomechanism has locateéde true position of the HEC
sequence in the header and is no longer ihutd state. Thereforéhe start olscrambler synchronization
acquisition convergencgill be coincident with the final transitidinom the huntstate to theresync state
of the cell delineation mechanism.

Receiver state II): Verification of scrambler synchronization

The verification state differfrom the acquisition state in that the recursive descrambler is no longer modslifred
synchronizing samples. Verification is needed because undetectable errorsonviyed bitsnay have occurreduring

the acquisition phase. Verification tests the predicted PRBS iretleéver againghe remote reference sequergigen

by the conveyed samples. To verify scrambler acquisition phase overall such that the probability of false synchronization is
less than 1¢F requires 16 verifications where the transmission error ratio is better than 10

Receiver state lll): Steady state operatior{synchronized scrambler)

In this state the HE§€and HEG bits can both be returned to normal use following their descrambling. Properties of error
detection and correcticare not affected bthis process. Both cell delineati@nd scrambler synchronization are tinis
state reliably monitored by the existing cell delineation state machine.

HEC regeneration and header scrambling

The HEC bits inthe transmitted cell were modified prior to transmission to correspond tdE@efor the scrambled
header. Taeversethis process where requirethdregenerate an HE@at corresponds to the unscrambled header, the
HEC bitsmay bemodified by modulo-2 addition of the CRC calculated on the 32 bits of the descrambler sequence
coincident with the first 32 header bits.

Automatic scrambling detection

If scrambling is not usedhen theconveyedPRBSsamples deriveffom the corresponding HECand HEGQ bits will
have value zeroThus these bits used to derive the phase of the descrambler will seed the desavimideros
inhibiting the PRBS of the descrambler automaticallyerefore,the absence of scrambling by the transmitter can be
detected automatically by the receiver and correctly handled.

Reset Cto 0

Any detected error

1. Acquisition

lc=xqas)

CcC=V(®)

2. Verification

le=ves

3. Steady state C=w(6) N

Max C = Z (24)

T1302160-93/D14

FIGURE 14/1.432
State transition diagram
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4.5.3.2.4State transition diagram and mechanism
The three states of the scrambler are Acquisition, Verification and Steady state.

The transition between these statesy bedetermined by reference to thalue of a single confidence counter (C) as
follows:

Initial state = Acquisition, Confidence counter initial value = 0.
State 1: Acquisition: Confidence counter range 0to X — 1

For everycell received correctlyith no errors detected HEC bits 1 to &he confidence counter is incremented by one
and the two conveyed bits used to drive the recursive descrambler into synchronization.

Any error detected in the cell header results in a return to the initial state (the confidence counter being reset to zero).

Transition to the verification state occurs when the counter reaches X (Proposed value of X = 16).

State 2: Verification: Confidence counter range Xto Y — 1

For every cell received without detected errors, the two conveyed bits are compared to their predicted values. For each cell
with two correct predictions received, the confidence counter is incremented. If one or two incorrect prediatiaaie are

then the counter is decremented. If the coufaks below V (proposed value &ye systemreturns to the acquisition

initial state 1 and the confidence counter is reset.

Transition to the steady state occurs when the counter reaches Y (Proposed value of Y = 24).

State 3: Steady state: Confidence counter range Y to Z

The rules for incrementing and decrementing the confidence counterfarestede 2. Thacquisition state is returned to
automaticallyshould the counter drop below W{#6). The confidence counter has an upper limit of Z (proposed value
24).

4.6 Cell availability performance

For further study.

5 Power feeding

51 Provision of power

The provision of power tdhe B-NT1 via the user network interface is optional. When flosver is provided, the
following conditions should be considered.

A separate pair of wires shall be used for the provision of power to the B-NT1 vig théefience point.

The power sink shall be fed by either
— asource under the responsibility of the user when requested by the network provider;

— apower supply unit under the responsibility of the network provider connedtesl itains electrisupply
in the customer premises.

The capability of the provision of power by the user side shall be available either
— as an integral part of the B-NT2/B-TE; and/or
— physically separated from the B-NT2/B-TE as an individual power supply unit.

A power source capable to feed mehan oneB-NT1 shallmeetthe requirements at each individUBNT1 power
feeding interface at the same point in time.

A short circuit or overload condition in any B-NT1 shall not affect the power feeding interface of the other B-NT1s.
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5.2 Power available at B-NT1

The power available at the B-NT1 via the user-network interface shall be at least 15 watts.

5.3 Feeding voltage

The feeding voltage at the B-NT1 shall be in the range of —20 V to —57 V relative to ground.

5.4 Safety requirements

In principle, safetyrequirements are outside teeope ofthis Recommendation. However, order to harmonize power
source and sink requirements the following is required:

i) the power source shall be protected against short circuits and overload;

ii) the power sink of B-NT1 shall not be damaged by an interchange of wires.

With respect to the feeding interface of thewer sourcewhich is regarded as a touchable part in the sense of IEC
Publication 950, the protection methods against electric shock specified in IEC Publication 950 may be applied.

6 Operational functions

The applicability of this paragraph to the cell based interface is for further study.

6.1 Definition of signals
The following signals related to maintenance are defined below:
Indication of LOS, LOF, LOP and LOC are generated within the functional equipment.

Path-AlS, multiplex sectioFERF and Path FERBre signals transmitted/received across BARENI (see Note 6,
Table 3).

Loss of signal (LOS) — LOS is considered to have occwrtezh the amplitude of the relevant signal has drofyedolv
prescribed limits for a prescribed period.

Loss of framgLOF) — The interface detects a LOF when (TBD)yrmre consecutiverrored framing patterns have been
received.

Loss of pointer (LOP) — The interface detects a L@ien a valid pointer cannot be obtained using the pointer
interpretation rules described in Recommendation G.783.

Loss of celldelineation (LOC) — The interface detects a L®RenALPHA (7) (see4.5.1.1)consecutive incorrect HEC
have been detected.

MULTIPLEX-SECTION alarmindication signal (MS-AIS) — MSAIS is an STM-1 signal containing valid section
overheadand ascrambled all-ones pattern fihve remainder of the signal. On detecting LOS or LOF on the incoming
signal, MS-AIS is generated by a regenerator within (TBR)MS-AIS is detected as an all ones in bits &nd 8 of the

K2 byte after descrambling.

PATH alarm indication signal (P-AIS) — P-AIS is sent to alert equipment in the direction of transmission that a failure has
been detected. P-AIS is an all ones signal in H1, H2 and H3 octets, as well as in thpagotice On detecting a failure
or MS-AIS, P-AIS is generated within (TBIP}.

MULTIPLEX-SECTION farendreceive failure(MS-FERF) — MS-FERF alerts equipment in thgposite direction of

transmission that a failure has been detected. On detecting LOS, LOF, M6-&tS on the incoming signal,
MS-FERF is sent within (TBDys by inserting the code "110" in bit positions 6, 7 and 8 of the K2 byte.
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PATH far endreceive failure (P-FERF) P-FERF alerts the associated path terminating equipment that a failure in the
direction of transmission has been declared along the STM Path. If LOS, LOF, LOP,M®&IS or P-AIS are
detected, P-FERF is generated within (TRB)by setting bit 5 in the path status byte G1 to one.

6.2 Definitions of state tables at network and user sides

The user sidand network side of thimterface have to inform each othertbé layer 1 states in relation tbe different
defects that could be detected.

For the purpose, two state tables are defined, one at the usandiadme at the network side. States at the user side
(F states) are defined 612.1 andstates at the network side (G states) are definéRi2. The state tables are defined in
6.2.4.

Fault conditions FC1 to FC4 that couwdcur at the network side or between the network amtbuser sidare defined
in Figurel15. These fault conditions directbffectthe F and G stategiformation on these fauttonditions is exchanged
between the user and network sides in the form of signals defined in 6.1.

NOTES

1  Only stablestates needefbr operationand maintenance of the usendthe network side of the interface (system
reactions, user and network relevant information) are defined. The trastsita#telative tothe detections of the error information are
not taken into account, except for power on/off transient states F7 and G13.

2 The user does not need to know where a failure is located in the network. The user must be informed on the availability
and the continuity of the layer 1 service.

3 The usehasall information relative tahe performance associated with each direction of its adjacent section. The
supervision of the quality of this section is the user's responsibility.

6.2.1 Layer 1 states on the user side of the interface

FO state: Loss of power on the user side

— In general, the TE can neither transmit nor receive signals.

F1 state: Operational state
— Network timing and layer 1 service is available.

—  The user side transmits and receives operational frames.

F2 state: Fault condition No. 1

—  This fault state corresponds to the fault condition FC1.
—  Network timing is available at the user side.

—  The user side transmits operational frames.

—  The user side receives frames containing P FERF indication.

F3 states: Fault condition No. 2

—  This fault state corresponds to any combination of FC2 with FC1, FC3 and FC4.
— Network timing may not be available at the user side.

—  The user side detects LOS, LOF, LOP, LOC.

—  The user side transmits frames with associated MS-FERF and P-FERF.

F4 state

—  This fault state corresponds to fault condition FC3 or FC1 and FC3.
— Network timing may not be available at the user side.

—  The user side detects P-AlS, LOP or LOC.

—  The user side transmits frames containing P-FERF indication.

F5 state: Fault condition No. 4
—  This fault state corresponds to the fault condition FC4 or FC1 and FCA4.

— Network timing is available at the user side.

26 Recommendation 1.432  (03/93)



—  The user side transmits operational frames.

— The user side receives frames containing MS-FERF and P-FERF indications.

F6 state

—  This fault corresponds to fault condition FC3 + FC4 or FC3 + FC4 + FC1.
— Network timing may not be available at the user side.

—  The user side receives frames containing MS-FERF and P-AIS.

—  The user side transmits frames containing P-FERF.

F7 state: Power on state

— This is a transient state and the user side may change the state after detection of the signal received.

6.2.2  Layer 1 states at the network side of the interface

GO state: Loss of power on the network side

— In general, the B-NT1 can neither transmit nor receive any signal.

G1 state: Operational state
—  The network timing and layer 1 service is available.

—  The network side transmits and receives operational frames.

G2 state: Fault condition No. 1
—  This fault state corresponds to the fault condition FC1.
— Network timing is provided to the user side.

—  The path terminating equipment within the access network detects LOS, LOF, LOP, P&CSoor MS-
AlS.

—  The network side transmits frames containing P-FERF indication.

G3 state: Fault condition No. 2

—  This fault state corresponds to the fault condition FC2.
— Network timing is not available to the user side.

—  The network side transmits operational frames.

—  The network side receives frames containing MS-FERF and P-FERF indications.

G4 state: Fault condition No. 3

—  This fault state corresponds to the fault condition FC3.

Network timing is not provided to the user side.
The B-NT1 detects LOS/LOF or MS-AIS from the access network.
The network side transmits P-AIS.

The network side receives frames containing P-FERF.

G5 state
—  This fault state corresponds to the fault condition FC4 or FC2 and FCA4.
— the network side transmits frames containing MS-FERF and P-FERF indication to the user side.

G6 state

—  This fault state corresponds to fault conditions FC1 and FC2.

— Network timing is not available at the user side.

—  The network side transmits frames containing P-FERF indication.

— The B-NT1 receivedIS-FERF and P-FERF indicatioricom the user side and thHRATH terminating
equipment detects LOS, LOF, LOP, LOC or P-AIS or MS-AIS.
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G7 state

This fault state corresponds to fault conditions FC1 and FC3.

Network timing is not available at the user side.

The network side transmits frames containing P-AIS indication.

— The network side receives frames containing P-FERF.

G8 state
—  This fault state corresponds to fault conditions FC1 and FC4 or FC1 and FC2 and FC4.

—  The network side transmits frames containing MS-FERF and P-FERF indications to the user side.

G9 state

This fault state corresponds to fault conditions FC2 and FC3.

Network timing is not available at the user side.

The network side transmits frames containing P-AlIS.

The network side receives frames containing MS-FERF and P-FERF indications.

G10 state
—  This fault state corresponds to fault conditions FC3 and FC4 or FC2 and FC3 and FC4.
— The network side transmits frames containing P-AlS and MS-FERF indication to the user side.

— Network timing is not provided to the user side.

G11 state

—  This fault state corresponds to fault conditions FC1 and FC2 and FC3.
— Network timing is not available at the user side.

—  The network side transmits P-AIS to the user side.

—  The network side receives frames containing MS-FERF-.

G12 state
—  This fault state corresponds to fault conditions FC1 and FC3 and FC4 or FC1 and FC2 and FC3 and FC4.
— Network timing is not available at the user side.

—  The network side transmits frames containing P-AIS and MS-FERF to the user side.

G13 state: Power on state

— This is a transient state and the network side may change the state after detection of the signal received.

6.2.3  Definition of primitives

The following primitivesshould be used between tiphysical media dependefdyer and the management entity
(management physical header (MPH) primitives):

MPH-AI MPH-ACTIVATE INDICATION (is used as error recovery and initialization information)
MPH-DI MPH Deactivate Indication

MPH-EIn MPH ERRORINDICATION with parameter n (n definabe failure condition relevant to the
reported error)

MPH-CIn MPH Correction Indication wittparameter n (n definethe failure condition relevant to the
reported recovery).

6.2.4 State tables

Operational functions are defined in Tabléobthelayer 1 states ahe user side of the interfaeed inTable 6 for the
network side.
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TABLE 5/1.432

F-state table: Physical layer 1 state matrix at the user sid@ote 1)

Initial state — FO F1 F2 F3 F4 F5 F6 F7
Operational Power off af Operational FC1 FC2 fault FC3or FC4 or FC3 + FC4 Power on at
condition or fault | user side conditions | FC3+FC1| FC4+FCl1| orFC3 user side
condition (Note 4) + FC4
Definition +FC1
of the ] ] ] ] ] ]
states | Signal transmitted No signal Normal Normal Frames with| Frames with|  Normal Frames | No signal
by user towards operational | operational | MS-FERF P-FERF operational with
interface frames frames and P-FERF frames P-FERF
Loss of power at PH-DI MPH-EIO MPH-EIO MPH-EIO MPH-EIO MPH-EIO | MPH-EIO
user side / MPH-EIO FO FO FO FO FO FO
FO
Return of power tg F7 / / / / / / /
user side
Normal operational PH-AI PH-AI PH-AI PH-AI PH-AI PH-AI
frames from / - MPH-AI MPH-AI MPH-AI MPH-AI MPH-AI MPH-AI
network side F1 F1 F1 F1 F1 F1
New event P-FERF PH-DI n.d.p. MPH-EI1
detected at (FC1) / MPH-EI1 - - - - F2
receiving F2
side
LOS or LOF PH-DI MPH-EI2 MPH-EI2 MPH-EI2 MPH-EI2 | MPH-EI2
(FC2) / MPH-EI2 F3 - F3 F3 F3 F3
(Note 2) F3
LOC or LOP PH-DI MPH-EI3 n.d.p. MPH-EI3 MPH-EI3
or P-AIS / MPH-EI3 F4 — F6 — F4
(FC3) or F4
(FC1 + FC3)
(Note 3)
P-FERF and PH-DI MPH-EI4 n.d.p. MPH-EI4 MPH-EI4
MS-FERF / MPH-EI4 F5 F6 - - F5
(FC4) F5
P-AIS and MS- PH-DI MPH-EI3 n.d.p. MPH-EI4 MPH-EI3 MPH-EI3
FERF / MPH-EI3 MPH-EI4 F6 F6 - MPH-EI4
or LOC, MPH-EI4 F6 F6
MS-FERF and F6
P-FERF or LOP,
MS-FERF
(FC3+ FC4)
NOTES
1 If the path trace is used, the path trace mismatch will be a path related failure as LOP or LOC. In this table “LOC” will be substituted by “LOC or
path trace mismatch”.
2 When FC2 occurs, other fault conditions (FC1 or FC3 or FC4) can not be detected but they may occur simultaneously.
3 When FC3 occurs, FC1 (P-FERF) can not be detected but it may occur simultaneously.
4 The user side cannot distinguishamong FC2, FC2+FC1l, FC2+FC3FC2+tFC4, FC2+FC1FC3, FCZFC1+FC4, FC2FC3+FC4
or FC2-FC1+FC3+FC4.
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6.2.4.1 General information for the state table matrix consideration

Explanations of the symbols used in Tables 5 and 6 are given in Figure 15.:

. No state
/ Impo§5|ble _ change
situation
X Issue X to upper level No detection
Y Issue manag primit. Y n.d.p. possible (remains
FIG z go to state F/Gz in same state)

Location of fault conditions

FC2 FC3
B-NT2 [ X < X
/ B-NT1 B-ET
B-TE X N X N
FC4 FC1
Fault condition Definition
FC4 Fault in the upstream direction of the interface
FC2 Fault in the downstream direction of the interface
FC3 Fault in the downstream direction in access digital section
FC1 Fault in the upstream direction in access digital section
FC2
Section X
FC2 FC3
X: < X
BB_'\'IrTEZ B-NT1 Trans. path B-ET
i X X
FC4
Section X »> FC1
FC4
Section J‘ Section
< > >
Path
|
T

T1302170-93/D15

FIGURE 15/1.432
Fault conditions and operational span of section path maintenance signals
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Annex A

Impact of random bit errors on HEC performance
(This annex forms an integral part of this Recommendation)

A.l Figure A.1 gives an example discarded cell probabilitgndprobability of valid cellsvith errored headers as
a function of random bit error probability.
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10710 107° 1078 1077 107° 1075 1074
Random hit error probability

Discarded cell probability and probability
of valid cells with errored headers
Q

T1811430-90/D16
- Discarded cell probability

—eo— Probability of valid cells with errored headers

FIGURE A.1/1.432
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B.1

In-sync time T () in cell units

Annex B

Impact of random bit errors on cell delineation performance
(This annex forms an integral part of this Recommendation)

Figures B.1 and B.2 show In-Sync time and acquisition time as a function of bit error probability.

10 For 155.520 Mbit/s
10% years
109 °
1010 years
1020
1 year
100 1 day
1 minute
105 | 1 second
10
I I I
1076 1075 1074 1073 1072

Bit error probability (p,)
T1811440-90/D17

FIGURE B.1/1.432

In-sync time versus bit error probability
[Ta () vs.pel
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Acquisition time versus bit error probability
[Ta(® vs.pe]

Annex C

Distributed sample scrambler descrambler implementation example
(This annex forms an integral part of this Recommendation)

C.1  Acquisition of scrambler synchronization

The conveyed bits are extracted by modadilition of the predictegalues for HE@ and HEG from the received
values. Scrambler synchronizatioray for example be achieved by applyitige conveyed samples at half cell intervals
to a recursive descrambler (Figugel). In order to ensure tleamples aradded into theecursive descrambler at the
same interval they were extractiedm the source PRBS, the secosemple Y+1) (derivedfrom HEG;) is stored for
211 bits before it is used.

Additionally, because both samples are appliedhto recursive descrambl@dl bits behind their point ofmodulo

addition to the transmitted data sequence, the recursive descrambler feedforward taps are chosen to generate a sequence
that is advanced b®11 samples. Similarlythe verificationcomparison made ithe recursive descrambler between the
conveyed bits and their prediction is delay equalized using one bit stores as illustrated in Figure C.1.

Example Implementation — The recursive descrambler.

Figure C.1 illustrates theecursive descrambler implementation. Notation of sample vahgisates the
important sample values in eachll, time being referenced tbe conveyedPRBS sample being received
with HEGg.

34 Recommendation 1.432  (03/93)



6TA/€6-08TCOETL

18]qUIR.I0S3P BAISINDBI [BIWOUAIOd T +gzX +1¢ X
CEVI/T'D 3dNOId

"aJel 1iq eyep au} Je paxoop sadAl-a |Iv — ILON

=
-
—
—

L]

A
A
A
A
A
A
A
A

(THIp TIZ-1p) (/) @ouanbas

Jo|quielos
. % ‘a
2HoxX 1 N3
A
e
a|geus "YouAs
0
T \
~ z1e THox T4l _ T+l Tl _ }
- . ! D g (*"n=""'s n="'s)
\|\N[ & ) NE| ejep PaneIsY
A 4
1uiod-piw 8y} pue D3H Jo
1Jejs ay) 0] paubife sasind L L] L] L 4

O3H jouels

35

(03/93)

Recommendation 1.432



At timet:

— the receiver PRBS generator samplés\at the input to the lower D-type,D

— the source PRBS samplg=SU;_»;1 conveyed via HEgIs at input O;

— the sample previously stored at the output of the lower D-typg is\R_»11

EXOR; = § + D2 = U211+ V211

The multiplexer selects this output and it is applied to the feedforward taps of the recursive descrambler.
Attimet + 1:

— the receiver samplei) is at the input to B

— the sample $; = Uy is at the input to
These values are latched on the following clock edge such that:
At timet + 2 through untit + 212:

—  EXORy = Vi41 + U1 Which is applied via MUX at time+ 212 to the feedforward taps.
Attimet + 213 = L +t — 211 (L being the duration of a cell):

— Dy =Vi213= Vi_211+ L (held until the next cell cycle).
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